when an anomalous vessel is visualized in an enlarged hypoglossal canal 2 .
Introduction
The persistent hypoglossal artery is the second most common carotid-vertebrobasilar anomalous anastomosis (the first being the trigeminal artery) 1 . It originates from the extracranial internal carotid artery as a large collateral branch, ascends vertically, passes through the hypoglossal canal and continues as the basilar trunk. Hypoplasia of vertebral arteries is frequently associated, so that the persistent hypoglossal artery is often the only functional vessel supplying blood to the posterior circulation. The anomaly is often asymptomatic, but it may cause paralysis of the XII cranial nerve and IX nerve neuralgia. Definitive diagnosis can be established by CT or MR angiography A Case of Aneurysm on a Persistent Hypoglossal Artery Treated by Endovascular Coiling Both vertebral arteries were present but hypoplastic. On the left, the posterior inferior cerebellar artery originated from the ipsilateral vertebral trunk and the anterior inferior cerebellar artery from the basilar trunk. On the right, a dominant posterior inferior cerebellar artery originated from the hypoglossal artery. The two posterior communicating arteries were not visible.
Endovascular Treatment
The embolization procedure was carried under general anesthesia, via a 6F sheath in the right femoral artery. A 6F Guider (Boston Scientific, Natick, MA, USA) guide catheter was located in the hypoglossal artery and then an Excelsior SL-10 90°angled microcatheter (Boston Scientific, Natick, MA, USA) was coaxially placed over a 0.012-inch microguide wire (GT Terumo, Tokyo, Japan) into the aneurysm sac. The patient was heparinised with 3000 IU i.v., and six coils (two GDC and four Matrix, Boston Scientific, Natick, MA, USA) were delivered into the aneurysm. Final controls revealed a complete exclusion of the aneurysm from the circulation and a good packing density inside the sac ( Figure 3) , with patency of all the vessels of the posterior circulation. One year after treatment, the patient is in good health and MR angiography followups have shown no signs of recanalization of the aneurysm.
Discussion
In the early stages of embryonic development the hindbrain circulation is supplied by four pairs of arterial anastomoses connecting the dorsal aorta (future internal carotid) with the longitudinal neuronal arteries located dorsally on the surface of the hindbrain. These anastomoses (named trigeminal, otic, hypo- glossal and proatlantal intersegmental arteries) form when the embryo measures about 4-5 mm (approximately at the fifth week of gestational age) and persist for about one week. They start to regress when the posterior communicating arteries form (at the 5-6 mm embryo stage), and at the same time the two longitudinal neural arteries partially merge to form the basilar artery. At the 7-12 mm embryo stage (sixth week of gestational age) the vertebral arteries form and supply the caudal part of the longitudinal neural arteries. At this stage the final vertebrobasilar system is formed and the anastomoses with the carotid system have normally regressed 3 .
Holmin et Al suggested that these embryonic vessels (and specifically the hypoglossal artery) could be identified as part of segmental entities, helping to explain peculiar pathologies affecting both anterior and posterior brain circulations in post-natal life 4 . These anastomoses can persist in the adult life, the most common being the persistent trigeminal artery, while the rarest is the otic artery whose existence remains a matter of controversy 5 .
A persistent primitive hypoglossal artery has been reported to occur with a frequency of 0.1% at MR angiography in a study of 900 patients 2 . The artery arises from the origin of the cervical internal carotid artery, joins the 12 th cranial nerve and enters the posterior cranial fossa via the hypoglossal canal. It can join the contralateral vertebral artery or, at a higher position, the basilar artery 5 . The latter occurrence was observed in our patient, with the hypoglossal artery taking over both ipsilateral PICA and AICA territories.
The anomaly can be asymptomatic or give rise to cranial nerve paralysis or neuralgia 6 . Some claim that it can be responsible for hemodynamic changes leading to vertebrobasilar insufficiency, cerebral infarction or intracranial aneurysms formation 7 . An association between persistent hypoglossal artery and intracranial aneurysms has been reported [8] [9] [10] [11] . As suggested by Mazighi et Al, vascular anomalies may not be directly responsible for aneurysm formation, but could be a marker of an abnormal development of congenital origin. Hence, the vascular anomaly corresponds to a segmental vulnerability which can predispose to aneurysm formation and growth 12 .
The presence of an aneurysm on the hypoglossal artery itself is a very rare condition in the general population [13] [14] [15] [16] [17] , whereas it occurs with a frequency of about 26% when a persistent hypoglossal artery is present 13 . The relation between the anomaly and the aneurysm may be explained by the persistence of immature endothelial cells in the intima of the embryonic artery and congenitally impaired apoptosis. A congenital structural defect in the vessel wall may also account for the tendency of these lesions to rupture in the subarachnoid space 18 , as in our patient and the majority of reported cases.
Diagnosis and treatment of persistent hypoglossal artery are extremely important since the hypoglossal artery is often the only vessel supplying blood to the basilar trunk and posterior circulation in these patients. This was not the case of our patient in whom both vertebral arteries were present.
Literature reports of persistent hypoglossal artery were recently reviewed by Baltsavias et Al with a description of associated lesions and treatment procedures.
Baltsavias et Al were also the first to describe an endovascular treatment in a hypoglossal artery aneurysm 19 . To our knowledge, our patient is the second case in whom endovascular therapy with coiling was carried out to treat a ruptured aneurysm of the hypoglossal artery. A recent case report by Baldi et Al de- scribed the stent-assisted coiling of an unruptured wide-necked aneurysm located on a persistent primitive hypoglossal artery in a patient with pulsatile tinnitus 20 .
Accurate preoperative demonstration of the lesion (location, diameters, neck, morphology) is mandatory to perform a safe treatment, and is obtained by CT angiography with three-dimensional reconstructions 20 or 3D rotational angiography. In our patient, three-dimensional rotational angiography provided a complete assessment of the lesion and the possibilities of treatment.
Conclusions
Our endovascular procedure for coil embolization of a persistent hypoglossal artery aneurysm was safe, uneventful and effective with a good result and an excellent outcome at one year. Preoperative three-dimensional rotational angiography provided an optimal depiction of the diameter and global morphology of the lesion. Endovascular coiling appears to be a valid alternative to surgery for hypoglossal aneurysms and awaits further confirmation in future reports.
